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ExperimentswereperfOrmedtoclarifythecharacteristicsoffiItrationresistanceincrossflowmicrofiItrationfbr
twokindsofbaker，ｓｙｅａｓｔｃｅⅡsuspensionsasamodelsampleofmicrobialcells、FromthedatafbrfiItrationf1uxat
steadystate，thefiltrationresistanceswerecalculated・Ｔｈｅ、trationresistanceatsteadystateｗａｓｆｂｕｎｄｔｏｂｅａ
ｆｈｍｃｔｉｏｎｏｆｏｎＩｙｆⅡtrationpressurefbrtwokindsofbaker'syeastceIlsuspemsions･Asaresult，twocorrelation
equationsfUrfiltrationresistanceatsteadystatewereobtained．
ｉｓｆＯｕｎｄｔｏｂｅａｆｉｌｎｃｔｉｏｎｏｆｏｎｌｙｆｉｌtrationpressure・
Asaresult,twocorrelationequationsfbrthefiltration
resistanceatsteadystateareobtainedfbrtwotested
samples．
Introduction
Crossflowmicrofiltrationisconsideredapromising
technologytosolvemanyseparationproblems，
especiallyinfbodandbeverageindustries・Ｔｈｉｓｉｓ
ｄｕｅｔｏｔｈｅｓｉｍｐｌｉｃｉｔｙａｎｄｔｈｅgentlenatureofthe
process,thatis,hightemperatureandphasechange
areusuallynotrequired．Thelowenergy
requlrementsandtheoften-lowcapitalandoperating
costsarealsoadvantageous，However,itisdifficult
toevaluatethefiltrationflux，whichismost
importantinpracticalprocesses，becausemany
micrObialceUsfblmadensecakelayerwhichcannot
beeasilyremovedbytheshearstressactionofnuid
onthemembraneSurface，andthefiltrationHuxis
consequentlydecreased(BelfbrteMﾉ.,1994;Ｋｒｏｎｅｒ
ａａﾉ.，1984；Ｄｅ壮iseandGekas，1988)．The
pelmeationbehaviormcrossHowmicrofiltrationof
suspensionsofsphericaLmonodisperseand
mcompressibleparticles,suchaslatex,hasnotbeen
wellemcidated(BelfbrMaﾉ.,1994;Kimura,1992)．
Thebehaviorwouldbemorecomplicatedm
crossHowmicrofiltrationofmicrobialcell
suspensionssincemicroorganismsarenotalways
sphericalandthecakeofmicrobialcellsisusually
compressible・
Inthisstudylthefiltrationcharacteristicsm
crossflowmicrofiltrationfbrtwokindsofbaker,s
yeastcellsuspensionsasmodelsamplesofmicrobial
cellsaremvestigatedThefiltrationfluxesatsteady
stateobtamed6Pomthedataoffluxdeclineare
consideredusmgDarcy，ｓｌａｗ，andthefiltration
resistanceincrossflowmicrofiltrationatsteadystate
LExperimental
Aschematicdiagramofthecrossflow
microfntrationsystemisshowninFi９．１．Itis
composedofafeedcirculationsystemacrossflow
filtrationmoduleandacomputersystemtomeasure
thefiltrate、Ｆｉｇｕｒｅ２ｓｈｏｗｓｔｈｅａｓｓｅｍｂｌｙｏｆｔｈｅ
ｍｏdule、Themodulewasconslructedwiththree
assemblies（A,ＢａｎｄＣ)．Thefeedsolutionwas
pumpedintotheflowchannelthroughtheAandB
FiIIraIIcnpreSsure=５０－１２０ｋＰａ
Ｃ『csg-fIowvelociIy=０２８－０８３ｍﾉ9５５ １．００ｋｇﾉｍ３の④
syB1em
、記Ｕ
alh
Fig1Schematicdiagramofexperimentalapparatus
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Figure3showstheparticlesizedistributionon
log-normalprobabilitydistributionplots・Asshown
inthisfigure，ｆｂｒｔｗｏｋｉｎｄｓｏｆｂａｋｅｒ，syeastcell
particles，thelinearitysuggeststhatthelog-normal
probabilityfimctionprovidesasatisfactory
representationofthemeasureddistribution
Therefbre,theparticlesizedistributiondataroughly
fitalog-nonnalprobabilitydistributionThe
numberdistributionfimctioninthiscaseisgivenas
Flowchannel Membrane
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（１）Fig.２CrossHowmicrofiltrationmodule
TWoparametersarerequiredtodeterminethemean
particlesize,ｔｈａｔis，‘ｲ,ＧａｎｄｓＧ、Ｔｈｅｙｃａｎｂｅ
ｏｂｔａｍｅｄｆｍｍｔｈｅｄａｔａａｓ
assemblies、ThedimensionsoftheHowchannel
were:depth5nnn,width5cmandlength35cmA
nucleporｅｍｅｍｂｒａｎｅｗｉｔｈａｐｏｒｅｓｉｚｅｏｆ０．２１ｍ
(Polycarbonate,NomuraMicroScienceCo.，Ltd.）
wassetonthebronzesupportofaporousplateThe
effbctivemembranearｅａｆｂｒｔｈｅｆｉｌｔｒａｔｅｗａｓ７５ｃｍ２・
ThecrossHowvelocityl〃，ｗａｓｖａｒｉｅｄｆｉＰｏｍＯ２８ｔｏ
Ｏ８３ｍ/s・Thefiltrationpressure,。P,ｗａｓｖａｒｉｅｄｍ
ｔｈｅｒａｎｇｅｏｆ５０－１２０ｋＰａ・Ｔｈｅconcentrationofthe
suspensions，Ｃ，rangedffomO・Ｏ７５ｔｏＬＯｋｇ/ｍ3．
TWokindsofbaker，syeastcells(wetanddly)ｗｅｒｅ
ｕｓｅｄａｓｓｈｏｗｎｉｎｎＩｂｌｅｌＴｈｅｐａｒｔiclesizeinTable
lwasevaluatedusmgphotographsbyanoptical
mlcroscope．
(ＣＭ,2…α"》ａｐｏ＝ (2)
and
Sc=oxpL{'､い,/`,》"]１１コ (3)
Where恥isthegeometricmeandiameterandsGis
thegeometricstandarddeviationTherelationship
between‘Ｉｉｊａｎｄｑｌ,Gofalog-normalprobability
distributionis(MugeleandEvance,1959）
TnblelCharacteristicsofparticlesemployed 功,=`,GexpI(/+j)(１，，°)ﾕﾉ2｝（４）VOlumetric
meandiameter
Particle
Remarks Thevolumetricmeandiameterofeachparticle
employed,坊0,canbecalculatedusmgEqs.(2),(3)
and(4)．ＴｈｅｒｅｓｕｌｔｓａｒｅａｌｓｏｓｈｏｗｎｉｎＴａｂｌｅＬ
PureWaterobtainedbyareverseosmosisinstrument
(ElixlO，JapanMilliporeCo.，Ltd）wasusedto
suspendtheseparticles．
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Fig.４Effectofparticleconcentrationontimecourse
offiltrationflux
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Fig.３Particlesizedistribution
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TheeffectsofcrossflowvelocityonfiltrationHux
areshowninFi9.5(fbrC=0.075ｋｇ/m3)ａｎｄFig.６(ｆｂｒＣ=1.0ｋｇ/m3)．Asshownmthesefigures，
increasingthecrossHowvelocityenhancesthe
filtrationnuxatrelativelylowparticleconcentration，
whileathighparticleconcentrationtheeffectofcross
HowvelocityisnotnoticedThismdicatesthatthe
cakelayerofbaker，syeastceUsishardtoremoveby
shearfbrceinducedbycrossHowprobablyduetothe
adhesionofyeastcellsonthemembraneathigh
particleconcentration．
2.ResultsandDiscussion
21Timecourseoffiltrationnux
Figure4showsthedatafbrthetimecourseof
filtrationHuxunderseveralparticleconcentrations、
Asteadystatewasreachedwhenthefiltrationflux
remamedconstant・Ａｓｓｈｏｗｎｉｎｔｈｉｓｆｉｇｕｒｅ，the
steadystatefbreachparticleconcentrationcondition
isreachedwithinarounｄ３ｈｏｕｒｓ（10800seconds)．
Thisfigurealsoshowstheeffectofparticle
concentration，Ｃ，onfiltrationflux’よAtthe
begmningoffntrationperiod，Jincreaseswith
decreasingC、However,asfiltrationprogressesthe
differenceoffiltrationHuxfbreachconcentrationis
notmarkedlyaffecte。 ４
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Fig.７Effectoffiltrationpressureonfiltrationflux
Fig.５EffectofcrossflowvelocityonfiltrationHux
Theeffectoffiltrationpressure，。P,onfiltration
fluxisshowninFi9.7．Fromthisfigure,itisfbund
thatincreasingthefiltrationpressuree血ancesthe
fIltrationflux・Ｔｈｅｒｅsultsmentionedabovearefbr
baker，syeast(wet)．４
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Fig.８Timecourseoffiltrationfluxunderall
conditionsfbrbaker，syeast(dly）Fig.６Effectofcrossflowvelocityonfiltrationflux
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Ｆｉｇｕｒｅ８ｓｈｏｗｓｔｈｅｄａｔａｆｂｒｔｈｅｔｉｍｅｃourseof
filtrationfluxunderallconditionsfbrbaker，ｓｙｅａｓｔ
(dry)．Asshownmthisfigure,noneoftheeffectsof
anyoperatmgconditionsemployedinthisstudyon
filtrationfluxovertimeareobserved．Thisis
probablyduetothecompressiblecharacteristicof
microbialceUs．Howeve邸hereasonisnotclean
2・ZFiltrationresistanceatsteadystate
lnpractice,aflltrationfluxdeclinefiPomthemitial
valuetoasteadyvalueisobservedovertime
FiltrationUuxwiththecakeandmembrane
resistancesbｅｍｇｔｉｍｅｄｅｐｅｎｄｅｎｔｍａｙｂｅｗｒｉｔｔｅｎａｓ
(Murkes,1990;Song,1998）
fbrbaker，syeast(dry）
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ＡＰ［Ｐａ］where〃istheviscosityofliquid，Jthefiltration
Hux,dPthefiltrationpressure,andRmandRcarethe
membraneresistanceandtheresistanceofthecake
layer，respectively．Asreportedearlierbythe
authors(MiyaharaeMﾉ.,2000),theresistanceofthe
cakelayerisverylargecomparedwiththatofthe
membrane・Thus，thecrossflowmicrofiltration
resistancecontrolsthefiltrationresistanceofthecake
layer，Therefbre，Ｅｑ．（５）canberewrittenas
fbllows：
Fig61CoITelationofresistanceofthecakelayerfbr
baker，syeast(wet）
1Ｘ1０１４
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Asmentionedabove,thecrossflowmicrofiltration
mthisstudycontrolsthefiltrationresistanceofthe
cakelayeⅢThus,weobtainedRcsusmgEq.(7)and
thefiltrationfluxatsteadystate、Figurelshows
thecolTelationofresistanceofthecakelayerfbr
baker，syeast（wet)．Fromthisfigure,itisfbund
thatRcsisafilnctionofonlyfiltrationpressure・
Furthennore,丘omFig､10,RcSfbrbaker，syeast(dry）
alsobecomesafUnctionofonlyfiltrationpressure・
Fromthesefigures，weobtamedthefbllowmg
correlatioｎｓｆｂｒＲＧｓｆｂｒｅａｃｈｂａｋｅｒ,syeastcell
suspension,respectively．
1Ｘ1０６１Ｘ１０５
ＡＰ［Ｐａ］
1Ｘ1０４
Fig1OCorrelationofresistanceofthecakelayerfbr
baker，syeast(dry）
ConcludingRemarks
Tbclarifytheflltrationcharacteristicsincrossflow
microfiltrationfbrmicrobialcellsuspension，
experimentswereconductedusingtwokindsof
baker，syeastcell(wetanddry)suspensionsasmodel
samples・Asaresult，thefbUowmgconclusions
weredrawn：
1）Forbaker，ｓｙｅast（wet)，thefiltrationflux
mcreaseswithdecreasmgsuspension
concentratio、atthebeginnmgoffiltrationperio｡，
whilenomarkeddifferenceinfiltrationfluxfbr
withsuspensionconcentrationisnoticedasthe
ＲＣＳ＝2.53×107AP
fbrbaker，syeast(wet)ａｎｄ
Ｒｃｓ＝５．３５×106△ｐＬ２５
(8)
(9)
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filtrationprogresses・However，thesefindings
arenotnoticedfbrbaker，syeast(dry)．
Forbaker，syeast(wet),increasmgthecrossflow
velocitye､hancesthefiltrationfluxatrelatively
lowsuspensionconcentrations，whileathigh
concentrationstheeffectofcrossflowvelocityis
notnoticed・However，thesefindmgsarenot
fbundfbrbaker，syeast(dry)．
Forbaker，syeast(wet),increasingthefiltration
pressureenhancesthefiltrationHux，whilefbr
baker,syeast(dry)noeffectoffUtrationpressure
isnoticed
Theresistanceofthecakelayeratsteadystate
fbreachbaker，syeastisafimctionofonly
filtrationpressureTherefbre，ｔｗｏempirical
correlationequationsareobtamed．
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